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This study aimed to examine the effectiveness of four warm-up protocols on explosive strength 
in a vertical jump performance in collegiate athletes. Fifty-two NCAA Division 1 athletes (aged 
20.3 ± 1.53 years, range: 18-23 years, Height 183.83 cm. ± 11.49 cm., Weight 81.85 kg. ± 17.56 
kg., BMI 24.18 ± 3.64) performed each of the four randomly ordered warm-up protocols prior to 
performing both the squat jump (SJ) and countermovement jump (CMJ) tests, with each warm-
up and subsequent jump tests performed at the same time of day spaced 1-week apart. The four 
warm-up protocols were: (a) general aerobic (run/walk) (AERO); (b) AERO plus foam rolling 
(FR); (c) AERO plus dynamic stretching (DS); and (d) AERO plus foam rolling and dynamic 
stretching (FR+DS). Jump test measures included the primary outcome measure of jump height 
(JH), and secondary measures of peak force, average and peak rate of force development, and 
starting gradient.  A repeated measures ANOVA with covariates of sport and class. Analysis of 
variance on jump height for both SJ and CMJ showed no significant differences (Partial Eta-
sqaured: 0.008-0.01) among the four warm-up protocols (p≥0.05). There were main effects for 
the control variable of sport (F= 9.67, p = 0.01; F = 13.31, P = 0.01) but not class (P > 0.05). 
There was no interaction between control variables and protocols (P > 0.05). This study showed 
that the addition of foam rolling, dynamic stretching, or foam rolling + dynamic stretching to a 
general aerobic warm-up did not significantly affect vertical jump performance beyond that of a 
general aerobic warm-up. Sports coaches and trainers should consider these results when 
prescribing or programming exercise with athletes, especially in situations when training time is 





While many athletes tend to focus on improving their competition results through training, the 
importance of a warm-up to the optimization of training outcomes cannot be overlooked. A 
proper warm-up prepares the body to increase mobility and optimize force production for 
athletic activity (1). Taking this into account, the length and type of movement during a warm-
up is very important to an athlete and performance outcomes. Too long of a warm-up could 
result in fatigue and potential injury before sport or weight room activity, while a limited 
warm-up could result in being unprepared for force production at the start of training or 
competition (2). In many NCAA-sanctioned workouts, the use of Foam Rolling (FR) (3,4,5), 
as well as a Dynamic Stretching (DS) (6,7) is being currently prescribed for the athletes in 
preparation to help optimize force production in training and/or competition. When both 
protocols are used, a strength coach can spend up to 20 minutes (5) simply preparing athletes 
for training. An NCAA Division I athlete can partake in 8 hours of actual coaching instruction 
per week in the offseason and 20 hours per week during the season, with the strength and 
conditioning coach being allotted only a fraction of those hours. Such constraints require 
strength coaches to be proactive in ensuring that they are prescribing the most time effective 
warm-up, not only to account for NCAA hourly guidelines, but also to maximize time in the 
training period to improve performance.  
 
The influence of warm-up on subsequent performance has been investigated since the 1930s 
(8), with the investigation of dynamic stretching ongoing for 60 plus years (9). A meta-
analysis of warm-up protocols, including combinations of aerobic, static and proprioceptive 
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neuromuscular facilitation stretching and dynamic components, found that physical 
performance was improved after a warm-up in 79% of the combinations, with 3% showing no 
change, and 17% finding that the warm-up had a negative impact (1). A systematic review of 
healthy and active adults by Behm et al., (10) concluded that dynamic stretching leads to a 
moderate (2.1%) mean improvement in jump performance and a small (1.4%) mean 
improvement in repetitive actions such as sprinting. However, non-statistically significant or 
trivial changes occurred when dynamic stretching duration exceeded 10 minutes or was 
shorter than 150 seconds.  
 
In recent years, foam rolling has been gaining in popularity for use as a warm-up. The small 
yet unclear amount of evidence on foam rolling in advance of subsequent athletic performance 
leaves a practitioner with questions as to whether to include foam rolling in the warmup. Two 
systematic reviews (11, 12) looked at 9 studies and found that most studies (n=7) pertaining to 
performance show foam rolling does not appear to impede or improve athletic performance 
acutely. Behara et al. (16) used current NCAA Division 1 athletes (n=14) and found no 
difference when comparing foam rolling to dynamic stretching while measuring jump height. 
However, both increased and decreased explosive performance after foam rolling have been 
documented. In regards to the contradicting evidence, Janot et al. (27) found a decrease in 
peak power during a Wingate test, while Peacock et al. (13) and Lanigan et al. (14) found 
improvements in explosive performance.  The majority of these studies do not investigate 
competitive athletes and may not be generalizable to athletes. The lack of athletes involved in 
the studies calls for the need to study the athlete population more narrowly, as nonathlete-




The variety of warm-up protocols currently in use with NCAA Division 1 athletes, e.g. foam 
rolling and then dynamic stretching, and the lack of evidence for the combination of said 
protocols, calls for the need to examine effectiveness of those warm-up routines. To our 
knowledge, no study has looked at an aerobic warmup in comparison to foam rolling, dynamic 
stretching, or the combination of both foam rolling and dynamic stretching in a large sample 
size of collegiate athletes participating in multiple sports. Published studies (13, 16) using 
athletes and both foam rolling and dynamic stretching have had small sample sizes with mixed 
findings. Determining the effect of currently used warmups on ballistic task performance will 
allow coaches and athletes to make more informed decisions when structuring warmups for 
training sessions, thereby ensuring that athletes are optimally prepared for training or 
competition while considering the restricted time available for training. That being said, we 
realize there will be debate surrounding the results of this study as there are many advocates 
of the various warmup protocols in the strength and conditioning community. Some might 
question the methodology or the need for the study due to the current popularity of both 
protocols in the strength and conditioning community. We feel that providing some evidence 
to support the informed use of warmup protocols in an efficient and timely manner will be a 
valuable resource for all.  
 
This study aimed to compare the effects of four warm-up protocols on explosive strength with 
the use of two vertical jump performance tests in college athletes. The four warm-up protocols 
were: (a) general aerobic (run/walk) (AERO); (b) AERO plus foam rolling (FR); (c) AERO 
plus dynamic stretching (DS); and (d) AERO plus foam rolling and dynamic stretching 
 
4 
(FR+DS). After consulting the existing literature documenting both Aerobic and Dynamic 
Stretching resulting in performance improvement, we hypothesized that AERO plus dynamic 
stretching would have the greatest impact on jumping performance and that foam rolling or 







Experimental Approach to the Problem 
A single-blind, randomized, repeated measures crossover design study was carried out to 
examine the effectiveness of four warm-up protocols on vertical jump performance in 
collegiate athletes. The four warm-up protocols were: (a) general aerobic (run/walk) (AERO); 
(b) AERO plus foam rolling (FR); (c) AERO plus dynamic stretching (DS); and (d) AERO 
plus foam rolling and dynamic Stretching (FR+DS). Vertical jump performance was assessed 
by the squat and countermovement jumps using a force platform within 3 minutes of each 
warm-up protocol. Jump test measures included the primary outcome measure of jump height 
(JH), and secondary measures of peak force, average and peak rate of force development, and 
starting gradient. Each group started with the AERO protocol and were then randomly 
assigned to the remaining three protocols over the next three weeks, with each warm-up 
protocol and subsequent jump testing performed at the same time of day 1-week apart. A 
repeated measures ANOVA with covariates of sport and class was used to measure 
differences in mean vertical jump performance between warm-up protocols. 
 
Subjects 
Fifty-two Division I collegiate (aged 20.3 ± 1.53 years, range: 18-23 years, Height 183.83 cm. 
± 11.49 cm., Weight 81.85 kg. ± 17.56 kg., BMI 24.18 ± 3.64) participated in all four testing 
sessions within a three-week period. The sample comprised 26 men who competed in football 
(n=13) and basketball (n=13), and 26 women who competed in volleyball (n=16) and softball 
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(n=10), at a single, midsized university in the US Midwest. All student-athlete classes were 
represented, with 22 freshman, 11 sophomores, 11 juniors and 8 seniors.   
 
Participants were well-trained athletes who had been competitive in organized sports for at 
least the past 6 years. The study took place in an indoor athletic training facility and 
Biomechanics laboratory during the off-season (summer), with all athletes currently in an 8-
hour per week strength and conditioning training cycle. Athletes were recruited from sports 
that exposed them to many ballistic tasks such as maximal vertical jumping during sport as 
well as training. The athlete's height and mass were obtained using official roster data and 
force platform (Bertec Corp., Columbus, OH, USA). The athletes were informed of potential 
risks and benefits as well as the study procedures during an initial team meeting. Athletes 
were excluded if they were not currently training or had a recent (past six months) lower-body 
injury. Participation was voluntary with signed informed consent obtained before 
participation. Approval to conduct the study was granted by the Institutional Review Board of 
the University of North Dakota.  
 
Procedures 
For the first of four visits, athletes reported to the Biomechanics laboratory wearing the same 
athletic shorts, shoes and t-shirt for each test. Upon arrival, athletes first completed the AERO 
warm-up protocol (see below for details) and then rested for 3 minutes prior to jump testing. 
After the first testing session, athletes reported back at the same time of day for three 
consecutive weeks and were randomly assigned a different warm-up protocol each session 
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(Figure 2). The foam rolling + dynamic stretching protocol involved completing the foam 
rolling warm-up followed immediately by the dynamic warm-up.  
 




AERO: Participants jogged at a self-selected pace for 5 minutes around a synthetic indoor 
running track. 
 
FR: Immediately following the AERO warm-up, participants used a 90 cm, high-density foam 
roller to roll their lower limb musculature in the following sequence: knee extensors and hip 
flexors, hip adductors and extensors, ankle plantar flexors and iliotibial band. Athletes foam 
rolled the muscle group of each limb (right before left) for 30 seconds in a controlled manner, 




For the knee extensors, participants assumed a prone plank position, with the roller positioned 
under their thighs and their elbows on the floor in support. Participants rolled the anterior 
thigh from the bottom of the hip (near the pubis) to just above the patella knee for two 
repetitions, followed by the lateral thigh for one repetition. For the hip flexors, athletes rolled 
the lateral hip from top (near the anterior superior iliac spine) to bottom for one repetition 
followed by two repetitions on the anterior hip. 
 
For the iliotibial band, participants assumed a lateral plank position, with the roller positioned 
under the side of their thighs and their elbows on the floor in support. Participants rolled the 
lateral thigh from the top (near the greater trochanter) to the bottom (near the lateral femoral 
condyle) for three repetitions.  
 
For the hip adductors, hip extensors and ankle plantar flexors, participants sat on the floor 
with the roller positioned under their thighs and their hands on the floor in support. 
Participants then rolled their posterior thigh and calf from the bottom of the hip (near the 
ischium) to the top of the heel (near the calcaneus). Then participants rolled proximally to 
distally from the bottom of the greater trochanter to just proximal to the knee, or from just 
distal to the knee to just proximal to the ankle, while supporting some of their body weight 
with their hands.  
One repetition of ten seconds was devoted to the semitendinosus and semimembranosus and 
then the biceps femoris. The gastrocnemius and soleus were completed last with the 
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aforementioned protocol of being done. 120 seconds to complete the hamstring, adductor and 
calve. 240 seconds for each limb.  
 
DS: The dynamic stretching protocol consisted of displaying a full range of motion 
movement, stretching the same muscles as those involved in the foam rolling protocol. 
Dynamic stretching was coordinated to reflect equal time (8 min. total) as the foam rolling 
protocol. The order of the dynamic stretching was designed with organizing and emphasizing 
the same muscle groups as the foam rolling group, as well as the sequential order of the foam 
rolling group, in order to account for fatigue and recovery time when jump testing. Inch 
worms (gluteals and hamstrings), knee hug lunge (quadriceps), alternating side lunge 
(adductors), A skips (hip flexors, gluteals, hamstrings, and quadriceps) and straight leg 
skipping (gastrocnemii and solei) were performed with 20 repetitions on each leg 
independently, with a walk-back recovery.  
 
Jumping Mechanography  
All jump testing was performed on a force platform (Bertec Corp., Columbus, OH, USA) and 
occurred after each warm-up protocol. The researchers collecting jump test data was blinded 
to the warm-up condition the athletes performed. Athletes performed three squat jumps (SJ) 
with their hands on their hips with 30 seconds of rest in between jumps. A 2-minute rest was 
implemented to ensure adequate phosphagen recovery between the jump types. Following the 
rest period, three countermovement jumps (CMJ) with hands upon hips were performed with 
30 seconds of recovery between successive jumps. Variable calculation was performed using a 
macro program created in Visual Basic (Microsoft Corp., Redmond, WA, USA). The 
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procedure used has been described in detail by Fitzgerald et al. (17). Jump height was 
evaluated during both the CMJ and SJ. The vertical velocity of the athletes’ center of mass at 
takeoff was squared and divided by 2 multiplied acceleration due to gravity (9.81 m/s), 
described in detail by Moir et al. (28). Jump execution variables were calculated for only the 
SJ and included peak force (highest vertical force trace before takeoff), peak (peak time 
derivative of vertical force trace) and average rate of force development (peak force/time to 
peak force) along with starting gradient (half peak force/time to half peak force). Jump height 
obtained using mechanography demonstrates good reliability during the CMJ and SJ (17,18). 
Jump execution variables tend to exhibit more variability with coefficients of variation 
ranging from (7–23%) described by Fitzgerald et al. (17). All variables were reported as the 
average of three jumps. 
 
Statistical analysis 
A repeated measures analysis of variance on jump height for both SJ and CMJ Data were 
analyzed using SPSS version 23.0 (IBM, Armonk, NY, USA). Descriptive statistics are 
expressed as mean values ± SDs. Data was examined to see if it met the assumptions for 
ANOVA. A repeated measures ANOVA was used to determine changes in JH and execution 
variables among sessions, and the models were adjusted for sport and class. With 52 athletes, 
this investigation was powered to detect small to moderate effect sizes. Statistical significance 







This intent of this study was to examine the comparative effects of four warm-up protocols on 
jump performance in Division 1 athletes. At the completion of the CMJ and SJ trials, there 
were main effects for the control variable of sport (F= 9.67, p = 0.01; F = 13.31, P = 0.01), but 
not class (P > 0.05). There was no interaction between control variables and protocols (P > 
0.05). CMJ and SJ height by protocol are displayed in (Figure 1).  
 




The lack of interaction indicates no statistical performance improvement when adding foam 
rolling, dynamic stretching, or foam rolling plus dynamic stretching to a general aerobic 
warm-up activity (Partial Eta-sqaured: 0.008-0.01). Jump height descriptive by sport are 
presented (Table 1 and 2). In line with our jump height results, no statistical differences were 
found in Peak Force, Peak RFD, Average RFD and Starting gradient amongst the four 
conditions.  
 








Table 2. SJ Height Dynamic Stretching by Sport 
  AERO SJ DW SJ FR SJ DW+FR SJ 
Protocol Mean Mean Mean Mean 
Basketball (13) 37.2 ± 6.30 36.2 ± 5.45 37.0 ± 6.20 35.4 ± 5.80 
Football (13) 36.0 ± 8.71 36.9 ± 8.47 33.9 ± 8.60 35.3 ± 9.59 
Volleyball (18) 28.3 ± 3.54 27.8 ± 3.25 27.3 ± 3.60 29.4 ± 4.13 
Softball (8) 22.6 ±  2.50 23.1 ± 2.77 23.3 ± 2.88 24.0 ± 2.65 
  AERO CMJ DW CMJ FR CMJ DW+FR CMJ 
Protocol Mean Mean Mean Mean 
Basketball (13) 38.6 ± 6.71 36.2 ± 5.85 37.7 ± 6.16 36.5 ± 6.16 
Football (13) 37.2 ± 9.39 37.5 ± 10.3 36.6 ± 9.17 37.2 ± 9.97 
Volleyball (18) 29.0 ± 5.10 27.7 ± 3.20 28.3 ± 3.62 29.0 ± 4.45 





The Primary aim of this study was to determine whether foam rolling, dynamic stretching or the 
combination of both modalities improved vertical jump in comparison to a general 5-minute 
aerobic jog. Interestingly, we found neither dynamic stretching nor foam rolling influenced 
vertical jump height or jump execution characteristics above that of a 5-minute jog. The findings 
supported, in part, our hypothesis that foam rolling or foam rolling + dynamic stretching would 
not provide any additional performance benefit over a general aerobic warmup. We also 
hypothesized that aero + dynamic stretching would yield the greatest performance benefit, an 
outcome that was not supported by the study results.  
 
Previous findings regarding the effectiveness of foam rolling and dynamic stretching protocols 
have yielded differing results between general and athlete-specific populations. The investigation 
of the use of foam rolling for performance is quite limited and the results are contradicting. 
Decreases in performance output were found in Janot’s et al. (27) study, which used 23 college-
aged individuals and found that peak power output during a 30-second, Wingate test decreased in 
females, but not males, when following a foam rolling intervention of twenty minutes. 
Conversely Lanigan et al. (14), in a small sample of healthy active adults (n=14), used foam 
rolling on the subjects’ dominant leg, allowing the non-dominant to act as a control. The study 
found foam rolling had a positive effect on Jump Height at an improved percentage of 12.8, but 
did not reach significance. Overall, 12 out of 14 subjects either maintained or improved 
performance after foam rolling. No statistical differences were found in Healey’s et al. study 
(15), also using non- athletes (n=26), indicating foam rolling was no more effective than a 
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planking warmup in improving performance in tests of vertical jump height and power, isometric 
force, speed and agility. These results run counter to what Peacock et al. (13) found. In a small, 
hybrid sample of current and former athletic males (n=11), Peacock et al. (13) reported 4-7% 
improvements in multiple performance outcomes (vertical jump, pro agility, Sprint, bench, long 
jump) when foam rolling was performed in addition to a 5-minute general aerobic warmup and a 
5-minute dynamic stretch. Other studies involving Division 1 athletes have been of minimal 
number, but one study done by Behara et al. (16), in a small sample size of 14 offensive linemen, 
found that the implementation of foam rolling when compared to a standard 8-minute dynamic 
stretching was no more effective in subsequent vertical force production.  
 
Our study’s findings are in line with Healey et al. (15) and Behara et al. (16), showing that foam 
rolling had no meaningful impact on performance during the vertical jump test. While Healey et 
al. compared 26 non-athletes, and Behara et al. used 14 linemen, our study extends these results 
to male and female athletes (n=52) competing in multiple sports at the Division 1 level. The 
results of Peacock’s study differ from the results of our study. Protocol design and sample size 
may account for the differences. The small sample (n=11) in Peacock’s study reduces the 
confidence in the precision of the results. Another reason for the differences could be that the 
protocol design, e.g. the addition of roughly 6 minutes of foam rolling in between the general 
warmup and the dynamic stretching, reduced fatigue associated with the warmup in the current 
and former athletes in the Peacock study. Too intense of a warmup can rapidly decrease short-
term performance by reducing phosphagen stores (20) and this effect can occur in as few as 3-6 




The investigation of the use of dynamic stretching for performance is much more extensive and 
chronicled over decades, with the results being more consistent in finding that dynamic 
stretching has a small but positive influence on subsequent force production. A recent systematic 
review by Behm et al. (10), evaluating 48 studies in healthy adults, concluded dynamic 
stretching leads to a moderate (2.1%) mean improvement in jump and a small (1.4%) mean 
improvement in rapid movement performance such as sprinting. However, our study and others 
in athlete populations do not consistently support the notion that dynamic stretching augments 
performance, especially in comparison to a general aerobic jog (23, 24, 25). One explanation for 
this may be that the small performance improvement found in nonathlete populations may not 
transfer over to athlete populations due to training history and status of said athletes. Another 
explanation for the statistical variance of dynamic stretching on performance in athletes could be 
the inability of small sample sizes in the aforementioned studies (23, 25) to accurately detect 
small effects. However, our study and Holt et al. (24) were designed to detect small-to-moderate 
effects and still failed to find improved performance when compared to general aerobic jog.  
 
Time will always be a major constraint for strength and conditioning professionals when 
programming for athletes. The use of time needs to be consistently re-evaluated with efforts of 
improving subsequent performance, especially when considering the NCAA time restrictions, 
with a minimum of coaching time given to strength and conditioning coaches. Recent evidence, 
including ours, suggest no benefit of additional warmup modalities beyond a general aerobic 
warmup for performance enhancement in athletes. If a positive effect exists, it is likely small. 
Due to this evidence, practitioners should be inclined to re-evaluate time spent during warmup 
procedures, especially time spent on dynamic stretching and foam rolling, since the current 
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inclusion of these modalities has been justified by their ability to enhance subsequent 
performance and reduce injury. Evidence for the effectiveness of dynamic stretching and foam 
rolling to reduce injury in athletes is lacking according to Thacker et al. (26) systematic review.  
 
One limitation of our study was that the athletes, comprising participants in four different 
Division 1 sports, were all at different training statuses. The intensity of the exercise and or 
volume prescribed in the protocols may have influenced athletes differently due to training 
status, which varies with respective competitive seasons. We only evaluated explosive strength 
(jump height), therefore our results are not generalizable to low velocity movements and 
sustained high velocity movement performance. A strength of our study was the diversity of 
athletes included in the study (males and female from 4 sports) extended our results to these 
populations. Future studies should account for training status when assessing the effectiveness of 
warmup protocols on outcomes of interest.   
 
In conclusion, we found that foam rolling, dynamic stretching, or a combination of foam rolling 
and dynamic stretching, did not enhance jump height in both men and women division 1 athletes 
(n=52) any more than a general aerobic warmup. Practitioners should question all warmup 
modalities being prescribed in their efforts for subsequent performance in the weight room. The 
development of other movement qualities should be considered if foam rolling or dynamic 






These findings suggest that five minutes of jogging at a self-selected pace may be just as 
effective as a comprehensive foam rolling and dynamic stretching protocol. Coaches and trainers 
should consider this when preparing athletes with limited time restrictions available to them. 
Coaches and trainers should also take care to avoid fatiguing athletes through warm-up 
protocols, as overly exhaustive preparation has shown minimal influence on performance above 
















































































1. Evaluate your motivation for training today.        Poor     OK               Good           Excellent 
2. Evaluate your motivation for testing today.         Poor     OK               Good           Excellent 
Training 
1. Evaluate your last week of physical training.        Easy   Moderate   Hard       Very Hard 
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